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‘ing the program for use with other types of turbomachines are given.

COMPUITER PROGRAM FOR CALCULATING FLOW DISTRIBUTION
IN A RADTAT-TNFLOW TURBINE

by Theodore Katsanis

SUMMARY

A FORTRAN computer program for flow analysis of a radial inflow gas
turbine is given. The program obtains a meridional solution on the mean
surface between the blades, followed by solutions on hub, mean, and shroud
blade-to-blade surfaces, in-a single computer run. Suggestions for modify-
Tech-
niqu2s for overcoming convergence problems are discussed.

INTRODUCTION

A method of flcw analysis for any turbomachine is summarized in refer-
ence 1, with the details being presented in references 2 and 3. Reference 2
gives the method applied to the meridional plane. Reference 3 gives the
method for obtaining a blade-to-blade solution, using informstion obtained
from the meridional plane solution. The FORTRAN program for each solution
as applied to a radial inflow gas turbine is given in the appropriate ref-
erence.

As stated in reference 3, a FORTRAN program has been written which com-
bines both programs. The combined progresm obtains first the meridional
solution, followed by three blade-to-blade sclutions (hub, mesn, and shroud),
in a single computer run. Either the meridional solution or blade-to-blade
solution may be obtained separately.

This report presents this FORTRAN program, with sample output for the
example rotor of reference 1. Also suggestions are given for modifying the
program for other types of turbomachines, and for overcoming convergence
problems which maey be encountered. ‘

. PROGRAM VARIABLES
The variable names used in the combined program are the same as listed
in reference 2 and 3 with the addition of the following varisebles.
THH(I) © coordinate of mean blade surface at Ite quasi-orthogonal
along hub

THM( I) 6 coordinate of mean blade surface at Ith quasi-orthogonal
along mean streamline
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THS(I)

PION
TPION

THHT (1)
THMI (T )
THSI(I)
THHKEH(I)
THMKH(T )
THSKE 'I)
THRKP( I)
THMKP(L)
THSKP(L)
THHKMX (1)
(1)

THSKMX (I )

8 coordinate of mean blade surface at 1th quesi-orthogonal
along shroud

n/N
2x /N

th
@ coordinate of suction surface of complete blade at I
quasi-orthogonal along hub

coordinate of svetion surface of complete blade at Ith
quasi-orthongonal aiong mean blade-to-blade stresm surface

D

coordinate of suction surface of complete blade at 1th
quasi-orthogonal along shroud

D

68 coordinate of pressure surface of splitter blade at
quasi-orthogonal alonug hib

8 cocrdinate of pressure surface of splitter blade at I#h
quasi-orthogonal along mean blade-to-blade stream surface

® coordinate of pressure surface of splitter blade at Ith
quasi-orthogonal along shroud

0 coordinate of suction surface of splitter blade st Tth
guasi-orthogonal along hub

© coordinate of suction surface of .splitter blade af'Ith\

quasi-orthogonal along mean blgde-to-blade stream surface

® coordinate of suction surface of splitter blade st Ith

quaei-orthogonal along shroud

coordinete of pressure surfece of complete blade at Iﬁh
quas? -orthogonal along hub

<> ]

Lead

coordinete of pressure surface of complete blade at 1th
quagi-orthogonal along mean hlade-to-blade stream surface

©

coordinate of pressure surfsce of complete blade at Ith
quasi-orthogonal along shroud )

MODIFICATIONS REQUIRED FOR OTHER APPLICATIONS

The program as written can be used for a radial inflow gas turbine.
It should be emphasized that the listing of the combined program is being
published as a guide to the technique used in programming the quasi-

Iﬁh .
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orthogonal method of fl~w anelysis. If it is desired to obtein a program
for analysing any type of turbomachine other than a radisl inflow gas tur-
bine, several modifications as indicated below will have to be made to the
program, This will require a reasonable understarding of the program znd
the equations involved, With this understencding, the required modifications
can be easily made, Modifications which are necessary for some particular
cases are listed below:

(1) Changes required for a compressor are:

(a) TRotation of coordinates for use in calculating spline fit

curve for the meridional streamliines. It is assumed that the inlet
is to the left with the positive direction to the right, and that

the quasi-orthogonals are numbered starting with 1 at the inlet,

The coocrdinates for the streamlines must be rotated 45° in the di-
rection opposite to that in the present program. The modifications
needed are to statements for calculsting AB(I) and AC(I) near state- -
ments 160 aad 390, and for caicuiating AL(I,x) four statements after
statement 160. -

(b) The sign of CEF as calculated just before statement 150 must
be reversed.
(2) Chenges required for a pump or liguid turbine.
Statements involving temperature or density must be modified
to eliminete temperature, end to allow for constant density.

(3) Chenges required for axial flow machines.
Statements for rotating streamiine coordinstes for use In calculat-
ing the spline fit curve for the meridional streamlinés should be
modified to eliminate this rotation. The statements involved are
the same as those mentioned unde: la above.

CONVERGENCE

It may be found that with some geometries there is e convergence prob-
lem. This is helped by using as Tew and as evenly spaced quasi-orthogonals
as possible, consistent with a reasonsble accuracy. The number of stream-
lines used does not appreclebly affect the nu-ber of iterations. Of course,

- 1t does affect the computer time required per iteration. Another factor

which helps convergence is to reduce the streamline correction factor, CORFAC,
(see ref. (2), p. 23 and fig. 5). OFf course, this reduces the rate of con-
vergence, but may result in convergence when a solution could not be obtained
otherwise.

However, in some cases when the initial streemline estimate is poor 1t
mey be necessary to make the streamline correction factor, CORFAC, so small
that the convergence rate is too slow, One way of improving the initial
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streamline estimate is to use a large streamline correction for +the first
iteration, say CORFAC = 1. This will bring the streamlines fairly close to
the corvect position, but will result in rather uneven streamlines. If the
streamlines are then smoothed sufficiently, the convergence will be generally -
much better than when working from the original position. It has not been
found helpful to make this large streamline correction more than once. There
are several mathematical techniques for smoothing {ref. 4).

Another problem that may be encountered with compressible fluids is that
calculations may indicate choking weight flow less than the desired weight ‘
flow in the early interations. This usually leads tc a problem in conver- -
gence. However, this may be overcome by obtaining a solution based on a
slightly lower weight flow, followed by a solution based on the desired weight
flow. Possibly more than one increment of weight flow increase will be re-
quired to increase the flow up to the desired weight, or perhaps 1nhe desired
weight flow will prove to be actually in excess of the choking weight flow.
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PROGRAM LISTING

$IBFTC FIXED  DECK

SUBRIUTINE FIXED{HUB,MEAN,SH4ROUD)

C CALCULATINN JDF-VELICITY AND PRESSURE DISTRIBUTION IN A RAD!AL FLO4

c
c
c

10

20

TURB] MACHINE

COMMONY SRASKMX yMXyWToXN,5AM,AR,TYPE,BCIP, TEMP,ALM,RHO, TOLER,

1 PLOSSyHPRT, ITERL,3ETINyWTOLER s THHL o THHKH» THHKP y THHKMX » THM],
2 THMKHy "HIKP  THUKMX y THS1 3 THSKH "4SKP , THSKNX,Z 4R 4AByAC,AD,
3 RUNDSMYBL 4P ION Wy BETATI yWTR,CURY

DIMENSIIV AL(21,217,B8ETA(21,21),CAL(21,21),CBFTAL21,21),

ICURVI 21422 )9DN( 21,5211 ,PRS(21 ,21) 5R{21 4217 ,2(21,21),5M(21,21),
ZSA(21:21):58(21121)1SZ(21,2l?,SD(21,21’.SAL(ZI,ZI).SBETA(Zl;Zlﬁ,
ATN(21421),TT{21,4217,WA(21,21) 4yWTR([21,21

DIMEISION AB(22),A0(22),AD(22), BA(ZI),DELBTA(ZI)'DRDN(ZI)'
IDTOR{ 211, OTDZ(21) 4 DWMOM({21) DWTDM{211,RH(21),RS(21) ,7H{21),25(21),
2THTA(21),NT:L(Zl)'XR(ZI)pXT(Zl),XZ(ZII,BETAI(3).AA(3’

DIMENSIIN THH{21),THM(21),THS{21) ,THH1 (21} (THHKH(21),THHKP(21),
1 THHK‘X(Z!!,THHI(?I),THMKH421),THHKP(ZI)pTiMKMX(Z‘*ﬁTHSl(Zl’.
2 THSCH{21),THSKP{21), THSKMX{21)

INTEGER RUNDO, TYPE,320DP, SRW,HUB,SHROUD

RUNO=O

READ 15, 1010IMX, KMX MRy MZ W oHT XN GAM,AR

ITNG = 1

RUNO=RUN] +1

WRITE (641020) RUND

WRITE {641010)IMX,KH: MR,MZ'N,HT XN sGAM,AR

READ (S,IOIO!TYPE 32)P,SRW,MXBL , TEMP,ALM,RHD,TOLER, PLDSS, WTOLER

dRITE(bglOlO)TVPF 32DP,SRW,MXBL, TEMP,ALM,RHO,TOLER, PLOSS ¢ WTOLER
READ (5,1010)MTHTA,\PRT,ITER,NULL ,SFACT,ZSPLIT,BETIN,CORFAC

WRITE(bqlolO)HTHTA,VPRT,ITER NULL,SFA»T.ZSPL!T.BETINvFORFAr
ITER1 = ITER

READ( 5,1030){2Si1),I=1,MX)
WRITE{691030)1ZS{I},I=1,MX}
REANI S5 1030 {ZHII ) I=1,MX)
WRITF 6, 10301 (ZHIT Y I=1,MX)
READI 5910300 (RS(T),I=1,MX)
WRITE( 6y 1030){RSII )T =1,HX)
READI Sy 1030 (RH{I),I=1,MX)
WRITE(6, 1030 (RHLT }yT=1yMX)

D0 20 T=1,MX

stIy=zs(1)/12.

ZHUT)=7H(T)/12.

RS{IY=RS{T)/12.

RH(I)=RHII)/12.

IF(TYPELNE.D) GO TO 40

WA(1e1) = WT/RHI/Z(ZSU1)=Z4(1))/3.14/7(RSILI+RH(L))
DY 30 I=1,MX
DN(T,KUX)=SQRTILZS(II=7HIT) Y*#24 (RS (1) =RY(})*%2)
DO 30 R=1,KuX ’

ON{ I, K)sFLOAT(K~1)/FLOATI{KMX~-1)%DN(T yKMX)

WA(T KI=WHA(1, 1)

ZUL,KY=DNE ToK)/DN( T KMX)®{ZSIT)=ZHIT)) ¢ ZHLT)
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. 40

50

60

5

RELyCV=DNUT K /INCTKUX) 4RSI DI=RA(T)) $RALT)
GD T3 s0

IF(TYPE.NE.1) GO T 45 )

CALL BCREAC(ON(I,1),0N(21,21))

CALL BCIEAD (WA(1,1),WA(21,21))

CALL BCRFAD (7(1,11,2(21,21))

CALL BCREAD (RfL,1),R121,21))

ARITE (6,1040) =

READ {5,1030}{THYA(I),1=]1,MTHTA)

ARITE (6,1030)({THTA(I),[=1,MT4TA)

READ (5,1030)(XT(1),1=1,MT4TA) i
ARITE(6,1030M(XT(T)51=1,MT4TA)

DD 60 K=l MR . , .

READ (5,1030)(TN(T,K),l=1,42) - ST
HREITE (6410303{TN(T,K7,1=1].42) R

READ (5,1030)(XZ{1),1=1,M2) ‘ e
WRITE (6,1030)(XZ(T),1=1,MZ)

-READ  (5,1030){XR{[),t=},MR)

WRITE {6,1030)(XR(1),1=1,MR}

EMD OF INPUY STATEMENTS

SCAL ING-CHANGE INCHES T3 FEST ANT PST TO LR/SQ FT, INITIALI7E, CALCJLATE

70

80
90

100
10

120
130

140

145

CONSTANTS

DN 90 K=1,MR
DO 30 I<1,MZ -

TNCT,K) = TN(I,K)/12:

XRIKY = XR(K}/12.

D0 100 1=1,42 o

XZ(T) = XZ(1)/12. o

DD 110 K=1,KMX

SML1,K)=0, .

BAl1)=0,

00 120 K=2,KMX ,

BA(K) ‘= FLOATUK-1)EWT/FLOAT sK&EL =1 )

00 130 I=1,4X ‘

ON{Iy 1)=0, - ‘ ' y
0D 160 [=1,MTHTA ' : ) ,
XT(I)=XT(I) /12, :

ROOT = SQRT(2,0)

CONT IMUE

TOLER =TOLER/12, .

ISPLEIT = ZSPLIT/12,

PLISS=PLASS*144, - S

CI = SQRT{GAM®ARRTEMP) ‘ . ,
WRITE 16,1050) C1 . :

KMXML = KMX-1 | , - o

T CPRARBGAM/ (GAM=1..)

- EXPON = 1,/06AM-1,)

"BETIN = RETIN/37.29577 ' S .

LINLFT = (2S(1)¢ZH(1)) /2,

RINLET = (RS(1)+RH(1))72, . .

CALL LININT (ZINLEToRINLET ¢ X2 yXR9TNy21,21,T) .
RB = R!“LFT*EXP(-.?I*IZo§3.14159/(XN*SFACT!-TIRINLET’)

- ———————— e
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213X e]

[ X a B

WRITE (6,1030) RB
CEF = —SIN(BEVIN)/CIOS(BETIN)/RINLET/(RINLET~RB} #%2
ERROR=100000,

BEGINNING OF LINP FOR ITEJATIONS

150

IFCITERLEN.O) WRITE (6,1060) ITNO
IF(ITE...FQ.0) WRITE (64,1070}
ERROR1=ERRMAR

- ERROR=0, =

ST

160

170

1890

190

200
210

220

ART CALCULATION JF PARAMETERS

DO 230 K=1,4MX

DO 160 T=1,M%

ABCUT) = (Z2(1,K)=-R(I,K})}/ROOT

ACLTI=(LUT, I+{TK)I/ROOT

CALL SPLINE (A8, ACoHXoQL(loK’oCURV(vi), i

DD 170 I=1,4X . ’

CURV(!,K) =CURV{T,X)/{1, +AL(I,K)**2)**1. R
ALUT4K) = ATAN(AL{TI4K))-.785398 -
CAL{I4KY = COS(AL(I,KY)

SAL(I,K) = SIN(AL(I,K))

DD 180 I=2,4X

SMUTeK) = SHY(I-1,K)}+SQRT{(Z2(I,K}~-2(]~- 1 1K) Y2226 {R{T 4K)~R I~ L'K')*#
1 2)

CALL SPLOERUXT(1)yTHTA{L) MTHTALZ(1,K) ,MX,DTDZ2(1))} A

N0 220 I=1,4X

T =0, B

TF( L LELMXBL) CALL LININT{ZULIK) ,R{L KD oXZsXReTNy21,21,7)
IF(RIT,KY.L¥RBIGD TD 200

DTDR( IV=CFF*{R{I,K)=RB)*%2

6N 13 210

DTDR(T)=0,

TA=R{ I,<Y*NTDR( 1)

TP = RUILK)I*DTDZ(I)

TTUILK)=T&SQRT(1,+T22TP)

BETA[ I, () =ATANUTP#CAL (I 4K} +TQ¥SAL(T,K))

SAETAL{T,X) - ;!N(BETA(!cK’)

CBETA(I4%) CIS{BETA[I,K)) S
SAll, K)=CBFTA(I.K)**Z*CAL(I.K)*CURVII K}~ SBtTA(I, )$*21RII:K)+
LSAL{ T4 )*CRETA(TKI®SIFETA(L K)*DTOR(I}

Sc(1, KS‘-SAL(I.()*CRFTA(l.K)*tZ*rURV(IoK!+SAl(l'Kl*CHETA(!oK’
1#*SRETA{ I, )¥DTDZ2( 1} B

AB( I =HA{ T,K)*CBETA(I,4K)

ACUT)=WA( T, K)*SBETAL] ,K)

CALL SPLINF{SM{1,K) AR MX,DWMDM, D)

CALL - SPLING{SM({1,K),AC ,MX,DWTDM,AD}

IFLUITERLLF.0)AND. (MDD(K~1,NPRTI.EQ.0)) WRITE ]6,1D83) K

NG 230 I=1,X

Sall,K)= SfL(!.K)*CBFTA(!.K)*DHMDM([)-Z.‘W*SBET&(chi#DTDR(I)*
lR(l.()*CJETA(lyK)*(DHTDM(I)*Z *WkSALIT 4 K) )

SOy K)I=CALL T, K)2CBETA(T yKI®DIWMDMLT)I4OTDZLI)*
IRUT,KIXCRFTA( T K (DWTDM(T 12, 2WeSAL (T ,K))
TF(OITERACT40) a2 {MIN{K-1,NPRT} NE,0))30 TD 239

Aw  AL{T K 1%57,29577

- ¢ gt S e e S0

-




B= SM({I,K1*12,

£= TT"’K)‘IZO

G=BETA(I,X)%57,29577

: HRITF (6,100n) A,CUIV{I 1K) 4B35,F, SA(T % ,58{1+K),SC(I,K},SDlI,K)
; 230 CONTINUE

RS

[P

EXN OF LODP ~ 2ARAMETER CALZULATION
CALCULATE BLADE SURFAZE VELOZITIES {AFTER CONVERGENCE)

(s X2 XaNz!

IFTLITER NELN) G TO 260
D3 250 K=1,K4X
CALL SPLINE (SM{1,K),TT(1,K),MX,DELBTA,AC}
A=XN
N3 2406 I=1,4X
240 ABUI)=(R{T,KI*N+UA(T KI*SRETAUT ,K)) %#({6.283185%R{I,K)/ A-TT{T1,K))
CALL SPLINF {S¥(1,K} A3 4MX,IRDOM,AC)
Cx - IF (SFACT.LF. 1.0) G0 TO 245
St A = SFACT=XN
o : DD 244 I=1,MX -
ABL D) =(R{ T, Y*W+HA (T4 KI*SBETA(T sK)) *(6.2831850R(I4K}/ A-TT(],K)}
CALL SPLINE (SMU1,K).A8,MX,AD LAy

‘n
N
&
>

245 00 250 I=144X

BETAD = RETA{I,K1-JDELBTA(I}/2.
. BETAT = BEVAD+DELBTAIT)

€0S8D = COSIBETAD?

COSBT = COS(BEVAT)

IF(Z(1,K) LT .ZSPLIT) DROM(I} = AD(I)
HTRII,K}=COSBO*LISBT/(COSBNHCNSBTI® (2. *NA(T,K) /COSBD+R{ [ K)o *
. LUBETAD-BETAY}/CBETAIL,K)*42+DROM() )
250 CONTINUE

END OF BLADE SURFAZE VELOCITY CALCULATIONS
START CALCULAYION JF WEIGHY FLOW VS. JISTANCE FROM HUB

(2 X2 4K ad

260 DO 370 I=l,MX
IND=1
. DO 270 K=1,KMX
27C ACEK)=DN{I,X)
GO vO 2990
L e 280 WA(I,1)=.5%WA(I,1)
o a 290 .00 300 K=2,KMX
T - J=K-1
HR=R{ [K}-R{1,J)
HI=T{1,K)}=2{1,3)
MAS=HA{ T, Ji®( 1 ¢SAT S JI€HRESCII o JI*HZI+SBUI 3} *HReSD( T o J) *HZ
WASS=WAC T+ J)+WASE{SA (T K *HR#SC (T oK) *4Z)#SBIT ,K) *HR4SDI L, K) *H7
300 WA I,K)={WAS+WASS)/2.
- 310- DO 340 K=1,KMX
N TIP= 1.~{WALI KI&&2+2 &WSAL M- (WER (] ,K) ) *%2}/2,./CP/TEMP
IFITiFT..0) G 1D 280 i
TPPIP= § .~ (2. WAL M- {RER LI ,K) ) %32} /72, /CP/TEMP
DENSTY=T1IP¥*¢EXAPIN*RHI-(TIiP/TPPIP) *«EXPON®PLOSS/AR/TPPiP/TEMP
1 32, 17#SM{T,K)}/SMIMXEL ,K)
PRI GK P =OENSTYSARSTIPETEMP/32,.1T7/1 44,
- TF(ZS{I)LE.ZH{T)) 50, TN 220
- PSTI=ATAVU(RS(I)-RH(I)}/712S(1)-ZH(I)))~-1,5708
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Ao

320
330

340

350

360
370

G0 71 330
PSI=ATAN((ZH(I)-ZSUI )}/ (RS(I}-RH{I)})
WTHRY=WA( I, V1*CRETA(T,K)*Z0S{PSI~-AL(I,X))
A=XN

IF(Z(I,X).LT.ZSPLIT) A=SFACT#* N

C = 6.283186%R{TK)-A¢TT(],4K)

ABIK ) =NENSTY*WTHR U*C

CALL INTGRL(AC(1),AD(1) KMX,WTFL(1))

IF (ABSIWT-WTFLIKM })1.LE.WTOLER) 63 TO 350
CALL CONTIN (WA(T,1),WTFL{KMX},IND,f,WT]
IF (IND.NE.6) G T3 290

CALL SPLINT (WTFL +Al yXMXBA,KMX,4B}

DO 360 K=1,KMX

DELTA=ABS(AB(K)-DNI(I,K))
DN(I,X)={1.-CORFACI*DN{I,K}+CORFAC*AB(K)
IF(DELTA.GT.ERRIRIERROR=DELTA

CONTINUE

END OF LOOP - NWEIGHT FLOW CALTULATION
CALCULATE STREAMLINE COJRDINATES FOR NEXT ITERAYION

389

390

410

410

420
430

00 380 K=2,KMXM1

DO 380 I=1,%X

ZOT,K)=ONE T,KY/ONCT KMX)R{ZSTEN-ZHIT) 1+ ZHLT)
ROT,KY=DN{ TeK) /DN{EoKMX) ®(RSTT)-RH{I)) +RH(I)

[F( ( ERRIR ,GF ERRIR1) . IR, (ERROR. LE.TOLER)) TTER=ITER-1
IF(ITER.GT.0) G3 T 410

WRITE (6,1100}

D0 400 K=1,KMX,NPRT

WRITE (6,1080) K

D0 390 I=1,MX

AB(I)=(Z(1,<)-R{I,K))/ROOT

AC(I)=(Z{I,K)4(I,K))/ROOT

CALL SPLINE (AB,AC,MX,AD,CURV(1,K))

DD 400 T=1,4X

CURVE I,K)=CURVII,K)/(1.+AD(I) #%2) *%1.5
A=DN( I,< %12,

B= Z(1,K)*12.

D= R{ I,X)*12,

HRITE (651110) AyB,DyWALL K} PRS(I,K) WTR(I4K) ,CURVIT,K)
WRITE (6,1130)

A=FRROR*12.

WRITE (6,1120) ITND,A

ITNO=TND+1

IF (ITER.GE.O) GO TO 150

WRITE (6,1140)

K = (KMX+1)72

DD 440 T=1,42

IF(ZS(I).LE.ZHII)) GO TD 420

PST = ATAN((RS(I)-H(I)}/(ZS(I)-ZHI)))-1,5708
GO TO 430

PST = ATAN((ZHIT)-ZS(I)I/(RS(I)I-RHLI}))

AB(I) = (DN(T,2 )-DN(I,1 1))  #COS(PSI-AL(I,2))
ACUIY = (DNCI,K+1)-IN{I,K-1)2/2,%COS(PSI-ALL{¢K))

r
Ki

ADUTI) = (DNUTKUX)-IN(T,KMXML)) *COS(PSI-AL(T ,KMX-1))

A = AB(I)*12,
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B AC(1)=*12,
n ADLT)*12,

440 WRITE (66,1110} A,8,0D
CALL SPLINT (XT,THTA MTHTA,2(1,1),MX,THH)
CALL SPLINT (XTyTHTAMTHTA y2(142) yMX, THH)
CALL SPLINT (XT,THYA,MTHTALZ(1+K) ,MX,THM)
CALL SPLINY (XT,THTA MTHTA LZ{1,KMX ) oMX,THS)
PION = 3,1415927/XN
TPION = PION*SFACT
WRITE (6,115N)
N0 450 I=1,4X

THHI(TY = THH(T)-TPION>TT{I,2)/72./R(1,1}

THMI{I) = THY([)-TPION#TT(] K} /2. /R{1,K}

THSI(I) = THSUI)-TPION+TT(I ,KMX )} /2./7R(1.,KMX }
THH(HOT) = THH{I}- PEIDN-TT([,1)/2./R{1,41}
THMKHOI) = THM{I)- PTON-TT{I,K)}/2./R(I+K}
THSKHITY = THS{I)~ PION-TT(I,KMX ) /2./R(1,KMX )
THHKP(T) = THH{I)- PION+TT(I,1)/2./R(1,1)
THMKP(T) = THM(I)- PION+#TT{I,K}/2./R{I,4K)
THSKP(I) = THS(I)- PICN#TT(I,KMX ) /2./R{1,KMX}

THHXMX( T 5= THH{I}-TT(I,1 1/2./R(1,1 )
THMKMX{ T )= THM(I)=-TT{I,K )/2./R{I[,K )
THSKMX{T)= THSCII=TT(I KMX ) /2./R{I,KMX}

450 HRITE(6¢1160) THHL{L) 2 THHKHLT) o THAKP (1) JTHHKMX (T o THML A1) o THMKH( T

1y THMKPI 1) o THMKMX{T )y THS1(T) , THSKH{T) 4 THSKPLE) ,THSKMX(T)
00 460 J=1,3
I=1
K=1
IF(J.EQ.2) K=(KMX+1)/2
IF(J.FQ.3) K=KMX
T1P= 1. ~(WALL K)*&24 2, #WEALM=-(WER{I 4K) ) *%2)/2,/CP/TEMP
DENSTY = T1P#%EXPON®RHO
C = 6.283186%RI{T KI-XN&TT(I,K}%SFACT
WIDTH = a8
IF(J.EQ.2) WIDTE = Al
IF(J.EQ.3) WIDTH = AD
WM = BA(2)/0ENSTYJC/WIDTH
WYHETA = ALM/R(I,K)-WAR(I,K)
BETATI(J) = ATAN{WTHETA/WM)
AA(J) = BETATI(JI*57.29577
460 CONTINUE
WRITE (6,1170) AA
IF{BCDP.EQ.2) CALL ACDUMP(SRW,BETAI (3)}
IF{BCOP.NE.1) RETURN
CALL BCDUMP (DN(1,1),DN(21,21))
CALL BCDUMP (WA[1,1),WAL27,21))
CALL BCOUM? ( Z(1,1), Z(21,21))
CALL BCDUMP ( R{1l,1i,s R(21,21)}
RETURN
1010 FORMAT (415,6F10,.4)
1020 FORMAT (8HIJUN ND,.13,10X,2SHINPUT JATA CARD LISTING }
1030 FORMAT (7F10.4}
1040 FORMAT (10X24HBCN CARDS FOR DN.WA,Z,R }
1050 FORMAT { 36HK STAG. SPEFD OF SOUND AT INLET = ,F3.2)
1060 FORMAT {///5X13HITERATION NO.I3)
1070 FORMAT (1H 6XSHALPHA9XSHRC Q.S+ SM 9XSHBETA 9XSHTT

9
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1080 FORMAT { 2X10HSTIFAMLINET3)

1090 FORMAT (9F14.6)

1100 FORMAT { 1HL9XSHDN 15X5HZ 15X54K 15XSHWA 15YSHPRESS 14X3HA
1TR14X3HC )

1110 FURMAT (6F19.6,F18.6)

1120 FSRMAT (138H FTERATION NO. 13,10X,24HMAX, STREAMLINE CHANGE = ,
1F10.6)

1130 FORMAT ( lHJ)

1140 FORMAT (34H1 STREAMLINE SPAZING ALONG NORMAL//1J3X5HHUBG 14XSHMEAN
1 14X6HSHROUD)

1150 FORMAT / 1H1,56X, ! THBLADE CUORDINATES/19X,6HHUB 238X, 6HMEAN
1 38X, 6HSHRIUD/3{5X 9 1H1 4 10X 3 4HKHMXy 7X 4 IKHPL o T X9 3IHKMX 43X ))

1160 FORMAY (12F11.4)

1170 FORMAT (///1KL 310XK20HINLEY ANGLES - HUB:F7.2,8H, MEANF7.2, 104
1y SHRIUDF7.2)

END

< Eewt
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$IBFTC SPLBLD DFCK

SUBROUTINE SPLBLD(HU3 ,MEAN, SHF.OUD,MO8)

COMMON SRW,XMXF 4MXyHWT ¢ XN y5AM /iR, TYPE,BCOP, TEMP,ALM,RHO,TOLER,

1 PLOSSNPRTLITERL +IETINyWTOLER,T4HL  TH4KH, THHKP o THHKMX , THM1,
2 THVMKH,y THMKP o THMKMX s THS1 g THSKH o TASKP o THSKMX 71 ,R1 4 AB ¢ AD, A€,

3 RUND,MXRL,PION, W,3ETAT ,DTDM,CURV

DIMENSTON Z(21)4R{21),NN(21),SM(21),BA(22),AB(22),AC(22),AL(21),
IRCE211,CAL{21),SAL(21),PRS{22 ,WTFL{22),WTHETA(Z1,22),NHDM(21,22),
2THETA( 21,22),WA(21,22) ,RETA(2.,22),SBETA(2),22) ,CBETA(21,22),
35A021422),S8(21422)yCURV(21422),DTIMI(21,22)

DIMENSION 21(21,21),R1(21,21), THHL (21) oTHHKH(21) yTHHKP{ 21},
1 THHKMX(213,THM1(21) ,THMKH(21) (THMKP (211 4 THMKMX(21),THS1(21),
2 THSCH{21) o THSKP {21), THSKMX(21)

DIMENSION THAL(23,4),SMAL(239,AD(22),AE(22) ,DENSTY(22),BETATI{(3)
INTEGER RUNJ,TYPE,BZIP,SRW,RR,HUB,SHRUUD

LOGICAL PRINT

IFIMDB.EQ.2) GO TO 10

RUNO=0

IF{MIB.EQ.4) GO TO 10

READ (S, 1010IMX KUX,MXSP,RR yW yWT ¢ XN,GAM,AR

ITNG = 1

RUND=RUND +1

WRITF (6,1020) RUND

WREITE (641010 IMXsKMX yMXSP,RR 4W o WT o XN GAM,AR

READ (5410101 TYPF ,320P ySRW yMXBLy TEMP ¢ ALM,RHO, TOL SR PLOSS y DADM1

WRITE( 65 1010)TYPE 4BZDP o SRW ¢MXBL 4 TEMP 4ALM,RHO, TOLER, PLOSS o DNDM1
PLOSS=PLOSS%*144,
READ (5,1010) NULL,NPRT,ITERyNULL,BETIN,WTOLER,COR/AC

WRITEC6+1010) NULL,NORT,TTER,NULL,BETIN, NTOLER,CORFAC
BETIN = BETIN/S57.29577

KHMX = KMX/Z

KHP1 = KHMX+1

KHP2 = CHMX4+2

READ (5,1030) (THETAUI,1),I=1,MX)

WRITE(6,1030) (THETA(T,41),1=1,MX)

READ (5,1030)( THETALT,KMX) 4T =14 MX)
WRITE(6y1030)( THETA (1 ,KMX) oL =1, MX)

READ (5,1030) (THETA(I,KHMX),I=1,MXSP)

WRITF(6,1030) (THETA(T,KHMX),I=1,MXSP)

READ {5,1030) {THETA(T,KHP1),I=1,MXSP)

WRITE(6,1330) {THETA(I,KHPL) (I=1,MXSP) , .
IF{RR.EQ.1) GO T2 90 :
READ (5,7030)(2(1),1=1,MX) i
WRITE(6,10301(2(1)41=14MX) '
READ (5, 1030)M(R{I),1=1,4X)

WRITE(6,1030) (A T1),1=1,MX)

READ {5,1030)(DN{1),I=1,MX) ‘
WEITE(651030) (DNCT),1=1,HX)

D0 9 1=1,MX

Z(1)=2513/12,

R{II=R(1}, "2,

ONU D) =DN( Th7 12,

G0 T3 21
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IF(MIB.EQ.4) CALL BCREAD({SRW,BETAI(3))
MX = MX+1]
Mog = 2

WT = WT/FLOAT({KMXF-1)

WTOLER = WTOLER/FLOAT(KMXF-1}

MXBL = MXBL+1

READ (5,10103KMX,MXSP4RR ,TYPE ,CORFAC 4 TOLER, THI KMX

RUNO = RUNO+1

IF{{HUB.EQ.O) .AND(HEAN.EQ.O) LAND, { SHROUD.EQ.0)) RETURN
WRITE (6,1020) RUNO

ARITE( 6y 1010 IKMX,MXSP 4R, TYPE yZ0ORFAC ,TOLER s THT KMX

ITND = 1

ITER = ITERL
KHMX = XKMX/2
KilPl = KHMX+1
KHP2 = (HMX+2

READ (5,1030) Z(1),R{1),DN(1)
WRITE{641030) Z{13},R(1),DN(1)
{1l = 2111712,

R{1}) = R{1)/712.

DN( 1) DN(1}/12.

OWDM1 WH+ALM/R(1)#%%2
{F{HUBL.EQ.O0) GO TO 14

HUB = 0

DO 12 1=2,MX

J = I-1

THETAC(T, 1) = THHI(D)
THETA(I,KMX} = THHKMX{J)

Z(I) = 71t4,1)

R{I) = R1tJy1)

DN(I) = AB{J)

00 13 [=2,MXSP

4 = I-1

THETA( I, KHMX) = THHKH(J)
THETA(I4+<HP1) = THHKP(J)
BETIN = BETAIL)

GD T3 20

IF(MEAN.EQ.O0) GO TN 17

MEAN = 0

K = {(KMXF+1)/2

D0 15 I=2,MX

J = I-1

THETA( T, 1) = THM1(J)
THETA(I,KMX) = THMKMX( ")

zn T1(J+K)
R(I R1(J,K)
DN({T) = AD(J)
D0 16 [=2,MXSP
J = 1-1
THETAL{ T, KHMX)
THETA(T,KHP])
BETIN = RETAI{
GO 12 20
IF{SHROUD.EQ.N) RETURN
SHROUD = 0

THMKH( J)
THMKP ()
)

NohW
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00 18 1=2,MX
J = 1-1
THETA(T1,1) = THS1(J}
THETA(T,KMX) = THSKMX({J)
Z(1) = Z1{J4KMXF)
R{T) = R1(JyKMXF)
18 DN(I) = AE(J)
N0 19 [=2,MxSP
J = 1-1
THETA(I,KHMX) = THSKH{J)
19 THETA(I4KHP1) = THSKP{J)
BETIN = BETAI(3}
20 TANBTO = SIN(BETIN)/COS(BETIN)
TANBT = TANBTO®(ALM-W&R{1)%%2) /{ALM-W®R{2} #£2) XDN(1)/DN(2)
DTYDM1 = TANRT/R{1)
DELTHT = TANRTO/{WSR{ £ ®42-ALMI*(ALM®ALOG (R(1)}/R{2) )+W/ 2. %(R(2) *¥2
1 ~R{1)%%2) V& (DN(1)+DON(Z2})/2./DN(2)
THETAL1,KMX) = THIKMX®DELTHT
THETAL1y<HP1) = THETA(1,KMX)-PION
THETA(1,KHMX) = THETA{1,KHP1)
THETA{1,1) = THETA{1,KHMX)-PION
NULL = O
WRITE (641010IMXsKMXMXSPoRR My WT s XNyGAM,AR
PLOSS1 = PLISS/144.
WRITE(6s1010)TYPE BCDP , SRH,MXBL , TEMP ;ALM,RHO, TOLER, PLOSS I, DHOM1
BETINL = BEYIN®57.29577
WRITE{6;1010) NULL,NPRT,ITER,NULL ,BETINL,WTOLER,CORFAC
ARITE(6,1030) (THETA{I,1),I=1,MX)
WRITE( 6y 1030} ( THETA (T ,KMX) 41 =1, MX)
WRITE(6,1030) (THETA{I  KHMX] ,I=1,MXSP}
WRITF(691030) {(THETA{I,KHP1) 4I=1,MX5P)
WRITE(6,1030)(2(1},I=1,MX)
WRITE(6, 1030 (RIT),I=14MX)
WRITE(6,1030)(DN(I),I=1,MX)
21 [FIUTYPE.EQ.1 ) GO T3 30
WATL1,1)=WT/RHO/ONCLI/R(L)/XN/{THETA(1 KMX) ~THCTA(L,1))
D0 23 I=1,MX
IF((TeEQe1)oORE 1GT.MXSP)) THFETALT oKHMX} = (THETA{TKMX)+THETA
1 thinv/a.
IFLUTEN 1) OR(TLGTMXSP)) THETA(L 4KHPL? = THETA(Q KHMX)
00 22 K=1,KHMX
THETA{1,K) = FLOAT{K-1)/FLOAT{KHMX-1)*(THETA (T ,KHMX) ~-THETA{I,1))
1 + THETA{I,1)
22 WALI K)=WALL,1)
D0 23 K=KHP1,KMX
THFTALT,K}) = FLOAT{K-KHPL) /FLOAT(KMX—KHPL) *(THETA(I KMX)~
1 THETA{T,KHP 1)) +THETA(I ,KHP})
23 WALTI:K) = WA(1,1)
READ {5,1010) NEXT
WRITE(6»1010) NEXT
24 IF(NEXT.EQ.0) GO TD 25
READ (5,1021)[3,K1.THFTA(II,K1'.IZ'K?'THETA(IZpKZ’,IB.KB,THETAll3.
1 K3)sT14yK& THETA(T4 K4) 416 4KS s THETA{L 5 9 K5) o NEXT

HRITE(6.lOZl)IloKl,THETA(!l,Kl)’IZoK29THFTA(lZ'K?)gl3,K3'THETA(I3.
1 K3)914gKby THETA{144K&) yT5,KS yTHETA(TS ) K5} ¢ NEXT
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GO T 24
END OF INPUT STATEMENTS

25 HRITE (6,41023)
DO 26 K=1q4KMX
26 WRITE (6,1030) (THETA(I,K) I=1,MX}

GO TD 45
30 CALL BCREAD (THETA(1,1),THETA{21,21))
CALL BCREAD (WA (1,1, WA(21,21))
WRITE (6,1040)
45 CONTINUE
CP=AR*GAN/{GAM-1.)
CT = SQRT(GAM*ARSTEMP)
WRITE {6,1050) C1
KMXM]1 = KMX-1

MXP2 = MX+2
MXSPL = MXSP+1
WTH = WT/2,

EXPON = 1./(GAM-1.)
DTYOM1=SIN(BETIN)/COS(BETIN) /R(1)
IF(M)B.EQ.2} DTDM1 = TANBT/R(1)
RODT=S0T(2.)
SMIL) = -SQRAT((Z(2)-Z{1))*%x2+(K(2)-R(1))*%%2)
D0 60 K=1,KUXM]

60 BA(K)=FLOAT{K~1)*WT/FLOAT(KMXM1-1)

CALCULLATE ALPHA AND SM

DO 70 I=1,MX
AB(I)=(Z(I)-R{I))/ROOT

70 AC(T}={Z(T)+R(1))/RNOT

CALL SPLINE(AB,AC,MX,4L4RC)
DD 80 I=1,MX
AL(I)=ATAN(AL(I)}-.785398
CAL(T)=CIS(ALLIN)

80 SAL{T)=SINSAL(I))

DO 85 I=2,MX
J=1-1 ;

85 SM(T)=SM{JI+SQRTE(Z(T)-Z{J))*E2+{RIT)-R(J))*%2)
SMALI3) = SU{2)+.1#(SM{3)-SM{2))
SMAL(4) = SM{2)4+.5¢(SM(3)=-SM(2))

90 ERROR = 1000,

: CALCULATE BETA IN BLADE SURFACES
BEGINNING OF LDOP FOR ITERATIONS

91 DO 97 J=1,4

K =1

00 93 I=1,2

THAL{ I1,J) = THFETA(I,K)
93 SMAL(I) = SMI(T)
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DO 94 I1=3,4

94 THALUT4J) = THETA(?,K)+{SMALIT)I-SM{2))/7(SM{3)-SMI2) )*({THETA(3K}

95

1

-THETA( 24K))
DO 95 I=5,MXP2
M2 = 1-2
THAL(T,J) = THETA(IM2,K)
SMAL(I) = SM(IM2)
CALL SPLIN2(SMAL,THAL{1,J),NTNML,MIP2,DTDOM{LK),AB)

DD 96 I=1,2

CURVI I, <) = AB(T1/12./(1.+(NDTOM(I K)/12.)%%2) *%],.5
BETA(I,K) = ATAN(R{T)*DTIM(T,K))

SRETA(I,K) = SIN(BETA{I,K))

CBETA(I,K) = COS(BFTA{I,K}))

96 CONTINUE

97

100

101

106

i10

CURVITI,KY = ABIIP2Y712./(1.+(DTDM{IP2,K)/12.)*%2)%%*],5
BETAL I,X) = ATAN(R{I)*DTDM(IP2,K))

SBETA{I,K) = SIN{BETA(I,K))

CBETA{1.X) = COS(BFTA(I,K)}))

CONT INUE

PRINT = (ITER.LE.O).OR,(ITNDLLE.NC)

IF (PRINT) WRITE(6,1060)1TNG

ERRNR 1=FRRNR

ERROR =0,

START CALCULATION OF PARAMETERS

LAST = KHMX-1

DD 100 K=2,LAST

CALL SPLIN2(SM,THETA(1,K),DTNOML,MX,DTDM{1,K),AB)
DO 100 I=1,¥X .

CURVI I €) = AB(Y}/12./7(1.+(DTDM(T K1 /12.) *%%2)%%1,5
BETAUI,C)=ATAN(R{TI*DTDOM(T ,4K))
SBETALI,K)=SINIBETA(I,K))
CBETA(I,K)=COS({BETA{I,K))

CONTINUE

DD 101 K=KHP2,KMXM1

CALL SPL!NZ(SH.THETA(I:K)1010MI,MX.DTDM(1 K) ;AB)
DO 101 T=1,MX

CURVIT,C) = AB(E)/12./7( 1+ (DTOM(T4K)/12.) %¥2) %%],5
BETAL [y X )=ATAN(R{ T )*DTDM(T,K))
SBETALI,K)=SIN(BETALI,K))
CRETAL1,K)=COSIBETA{I,K))

CONTINUE

D0 110 K=1,KMX

D0 105 I=1,MX

WTHETA(I,K)=WA(1,K)&SBETA(T ,4K)

CONT INUE

CALL SPLIN2{SMyWTHETA(L4K) 4DHOM] yMX 4DWIM(1,K)},AC)
DO 110 T=1,MX

SALIyK) = SAL(I)*SBETA(!,K'#CBFYA(I;K’

SBUIsK) = COETALI K I*R(TI®R(2, *WkSAL(I)+CWOMIT, K))
CONTINUE

END DF PARAMETER CALCULATION

i bt a7 e s a
iyt
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CALCULAYE VFLOCITY NISTRIZUTION,CHECK CONTINUITY

DD 200 [=1,MX
IND=1

IND2 =1

G0 T2 130
WA{L,1l)=.5%WA(I,]1)
G0 T3 130
WA(T,1)=2.%WA{1,1)
60 T3 130
WA(I,KHP 1)
GD T2 130
WA(T,KHP1) 2.%WA (] yKHP1)

TF({I.GT. 1) AND.({T.LF.MXSP)) 50 TO 142

NO 140 K=2,KMX

J = «K-1

IF(K.EQeKHPL) WA(TI4K) = WA(I,J)

IF(K.EQ.KHP1) GO TN 140

HY=THETA(I,K)-THETA!1 ,;J)

WAS = HAL L JY+(WACT,,J)%SA(T,J)+SBLI,J))eHT

HASS = WA( T yJ)+(WASESA(T K)+SB{T,K))&HT

WALL,K) = (WAS+WASS)/2,

CONT INUE .

G0 T2 148

DO 144 K=2,KHMX

J=K~1

HT=THETA({ 1,K)=-THETA{I,J)

WAS = WAL, J)+(WA(TI JI*SA(T,J)+SB(T,J)) 4T

WASS = WA(T,J)+{WASKSA{T KI+SB(T,K)IRHT

WA(1,K) = (WAS+WASS)/?,

CONTINUE

N 146 K=KHP2,KMX

J = K-1

HT=THETA( 1,K)-THETA(I,J)

WAS = WAC T, J)+4(WALT J)*SA(T ,J)+SARIT,J)IEHT

WASS = WAL T J)+(WAS®SA(T,K)+SB{I,K))*HT

WALI,K) = (WAS+WASS)/2,

CONTINUE

CONTINUE

DD 150 K=1,KMX '

TiP= Lo~{WA{T)K)® %242, #WEALM-(WER(]) V¥*2)/2,./CP/TEN®
IFI(T1P LT ae0) AND (I oeGTal) JAND (T4 LE. MXSP),AND, {K.GE.KHPL))
1 60 T0 126

IFITIP.LT. D) GO TO 120

TPP1P= 1,- (2.6 WRALM~(W*R(]) Y&%2) /2. /CP/TEMP

«S¥WA (T 4,KHP 1)

[t

DENSTY({K) = TIP**EXPON¥RHO~(TLP/TPP1P) **EXPON*PLOSS/AR/TPPLIP/TENRP

1 %32, 17%SM{T) /SM{MXAL)

PRS(K) = DENSTY(KI*ARXTIP&TEMP/32.17/144.
WM=WA{ I, K)*CBETA([,K)

AB(K) = DENSTY{K)®WMEDN(T)*R{I)*XN

AC{K)=THETA(T,K)

CALL INTGRL(AC,AB,KHMX,WTFL)

IF(WTFLIKHYX) .LE..O)} GO TO 125

CALL INTGRLUACIKHP1) AB{KHPL} ,KHMX,WTFL{KHPL])

TFCLWTFLUIKMX ) JLE2o0) ANDL {T.GTo 1) AND. (1. LELMXSP))} GO TOD 127
IFIWTFLL KMX).LF..0) GO TO 125
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IF({I.CT.1) AND.(TI,LE ., MXSP}) GO TO 155

DO 152 K=KHP1,KMXM1

AC(K) = AC(K+1)

WTFLIK) = WYFL(KHMX)+WTFL(K+1)
IF(ABS{WT-WTFL{KMXML)) . LELWTOLFR) 50 TO 150

CALL CONTINIWA(T 1), WTFLIKMXML) ,IND,1,WT)
TFUINDLNE.SIGD TO 130

60 TO 160

IF {(ABS{WTH-WTFL(KHMX)) . LE.WTOLER) IND=6

IF {(ABS{WTH-WTFL(KMX )).LE.WTOLFR) IND2=¢

IFCIND,NEL6) CALL CONTIN(WALI 1) oWTFLEKHMX) IND, IoWTH)
IFCIND2,NE.6F CALL CONTAL(WA(I yKHPL ) JWTFLUKMX) 4IND2 ,T4WTH)
IF{UINDNF.6)OR.IUINDIZ2.NELHY)Y GO TD 130
IF((ICT 1) ANDLIT.LE.MXSP)) GO TO 165

CALL SKFLINT (WYFL 4AC s KMXMY ,8A,KMXML ,AB)

GD TO 166

CALL SPLINT{WTFL JAL yKHMX,BA ,KHMX,AB)

CALL SPLINTY(WTFLI{KHP1} ,AZ {KHP1) ,KHMX,BA(1) 2 KHMX , AB (KHP1) )
CONTINUE

TF{{T.GT 1) AND. (T LE.MXSPY) GO TO 168

D0 167 K=1,KHMX

KA = KMX-K+1

J = KA-1

AB{KA) = AR(J)

D0 170 K=1,KMX

DELTA=ABS{ABIK)~-THETA{I ;K))
IF(NDELTALGT . ERRORIERROR=DELTA

IF(.NOTL.PRINTY GO TO 178

A=SM({ I)1%12.

C=AL(T )%®57.29577

D R(I)%x12,

E = 72(1¥*%12,

F = DN(I)*12,

HRITE (6410800 I,4A¢24D4F,F

WRITE (641070)

D0 175 K=14XKHMXNPRT

B=BETA( T, )%57,29577

C = WTHETA{1,K)+WeR (]}

HM = WA(I,K)*CRETA(I,K}

V = SQRT{C2¥2+4yMER2)

OWDT — WACLE,KI%RS,A (I ¥ ¥+SB(T 4K}

WRITE (641090) THETALL oK) 4CURVITI yK) By WALT oK) yWTHETA{T oK) sCyiM,V,
1 PRS(C )+ DENSTYIK) yDTOMII 4 K) oDWOMIT yK) ¢ SA(T,K) 4SBUI oK) »DWDYV

175 CONTINVE

HRITE (6,1095)

DI 176 K=KHP1,KMX.NPRT

B=BETA((;K1%57,29577

C = WTHETA(I,K)+W*R ()

WM = WALT.KI*CBETA,],K]

V = SQRT{C**2:WM%42)

OWDT = WALT,K)XSAUL,K)I+SR{T+K)

WRITE 1641090) THETA(I 4K) CURVIT yK) 4By WA(T oK) ¢ WTHETA(T oK) 9 CoWMyV,
1 PRE(K)sNENSTY(KY ,OVOMIT 4K} 4DWOM(T KDy SALT,K) 4SBT 4K) .DHOT

176 CONTINUE

WRITE (641095)

178 DO 18" K=2,KMXM1 ,

B



RO M M MMM 3%

E-3298

OO0

19

180 THETA(I,<)=(1.~CORFAZ)*THFTA!I ,K)+ZORFAC*AB(K)
200 CONTINUE

END JF VELOCITY CALCULATIONS.

WRITE {6,1120) TTND,ERROR
IFCITER.LE.O) GO TO 230 “
IF{ { ERROR . GE .ERROR 1) .OR. (ERROR.LE. TOLER) ) ITER=1TER-1
ITNO=[TN2+1
GO TO 9 -
230 IF(BCDP.NECL) GO TO 240 . :
CALL BCOUMP (THETA(141),THET4(21,21)) .
.CALL BCDUMP {  WA(1,1), WAI21,21))
240 IF(MIR.EQ.2) GO TO 11
GO TC S
1010 FORMAT (4I5,6F1r.4)
1020 FORMAT {8HIRUN NO.I3,10X,25HINPUT DATA CARD LISTIM ) . g
1021 FORMAT (5(212,F8.5),11} , oY
1023 FORMAT (32H THETA-CALCULATED AND/OR INPUT ) - '
1030 FORMAT (7F10.4)
1040 FORMAT { 10X2“HBCO CARDS FOR THETA,WA )
1050 FORMAT { 36HK STAG. SPEED OF SOUND A7 INLET = ,F9.2,//%
1060 FORMAT (///SX13H{TERATION NO.I3) .
1070 FORMAT (132HK THETA T-CURV SETA L LY WTHETA VTHFTA

1NM v PRS  ODENSTY DTDM  DWDM SA B 4 a
207 ) 2
1080 FORMAT (2X16HQUASI-ORTHNGONALI3,6Xs4HSM =,F7.4,9H ALPHA =y 7.2, %

1 SH R =yFT.4s5H Z =,FTaby6H DN =4F7.4) , : o
1090 FORMAT (1XyF9u4y2FR.2,5F8.1,FTe2,F9u5,FT.2¢FB.04FB,%¢2F9.1) o
1095 FORMAT (1H ) o
1120 FORMAT (18HJ ITERATION NO. [3,10X,24HMAX. STREAMLINE CHALGE = , o : i

1F10.6) ,
1200 +OPMAT(//10X7HNORMAL 14)
1210 FORMAT{TF18.6)

END
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C SPLINT pFCK

SURRIUTINE SPLINT (X,Y,NsZ,MAX,YINT)

DIMEMSIGN X({50),Y{50),S{50),A(50),8(50),C{50),F{50),W(50),5B(50),
166503, E4{50),2{ 50}, YINT(50)

COMMIN 9

INTEGER Q

00 10 I=2,N

S{I=x{1)~x(1~-1)

NO=N-1

DO 25 I=2,N]

At 1)=S11176.0

BII)=(SUI)+S(I+1))/3.0

ClI)=S(I+11/6.0
FOI)=(YUT41)=-VULI))/ZSUT+L)~(YLI~YII-1))/SCT)
A(N'=~.5

8(1)=1.0

BIN)=1.0

C( l’z-os

F(1)=0.9

FINI=0.0

Wi1)=8(1)

SBUL11=CL2)I/Mi )

6(1)=0.0

D0 30 I=2;N

WET)=BLTI)-A(i)*S8(I-1)

SBLIN=C(I}/W(T1)

GLII=IFLLI)-ALT)*GII-1) V/NLTY

EMIN)=G(N)

00 4C I=2,M

K=N#+1-1

EM(K)=GIK )-SBIKI#EM{K+1)

PO 90 Isl,MAX

K=2

IF(Z(1)-X{1?) &C,50,70

YINTI T)=Y(1)

G0 T3 90

TFEZOT L Tal 118X (1)~ I18X(2))INRITE (6,100002(]1)
GO T2 85

FORMAT (17H OUT OF RANGE Z =F10.6)

TF(ZCTI). 0T (1o 16X(N)-. 1#X(N-1))) WRITE (5,1323)Z(1)
K=N

GO 13 85

IF1Z1I)-X(K)) 8%5,79,80

YINT{ [ )=Y({K)

G0 TO 90

K=K+l

IFIK-N) 70,70,65

YINTOT) = E(K=-118(X(K)~2(0))}%%3/6./S(KI+EMIK) ®{Z(T)-X(K~1))*®3/6,
B/SEKP LYY/ {K)~EMIKIESIK) /6 VX 2L =XIK=1)) +{VIR=2)}/SIK)-EMNIK~-]}
26S(K 176 )2 {X(KI-2(1))

CONTINUE

MXA = MAXO{N,MAX)

1F(QeEN.16) WRITE(6,10L0) NoMAXoIXUT ) oY{TI} oZ (1) JYINT(T ) 1=1,MNXA)

FORMAT _(2X21HNO. OF POINTS GIVEN ='i3'3°H9 NO. OF INTERPOLATED POIL

INTS =,13,/10X5HX 1 SX5HY 12X11 HX-INTERPOL,9X1LHY-INTERPOLL/ (6
2€20.813)
100 RETURN

END

[P
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$IBFTC SPLDER DECK
SUBRIOUTINE SPLDER(X,Y4NyZ,MAL,DYDX)
DIMENSTON X(50),Y(50)yS(S5N) 4AL5014BI50}¢C{5I),F(5),W(50),5B(5D),
16(5n); FA(50),2150),DYNX(50}

DO 10 I=24N
10 S(I)=x(I.-X(I-1)
NO=N-1

D0 20 1=2,N)
A(TI)=S(I)/6.0
BlI)={S{I)+S{I+1))/3.0
CL1}=S(1+1})/76.0
20 FLI)=(Y(X+1)=Y(I)}/S0 +1! - (Y(I)=-Y(I-1)}/S(])
A(N)Y==-.5
B{1)=1.0
B(N}=1.0
C11)=-.,5
F(1!=0.0
F(N)=0.0
Wil3=8(1)
SB8{1)=C{1i/wli)
6{11=0.0
OC 30 I=2+N
W(l)=R(I)-Aal()*SB(I-1)
SBIDY=C{1I/W(])
30 GUI)=(F(I)-ACT)*G(I-1))/WIT)
EM(N)=G(N}
DO 40 I=2,N
X=N+1-1
40 EM(K}=G{K)-SBIK)I*EN(K+1}
DO 90 I=1,MAX
K=2
IF(Z{I)-X(1))} 60,70,70
60 WRITE (6,1000)2(1)
1000 FORMAT (17H OUT OF BLADE Z =F10.6! .
GO T0 85 ;
65 HRITE (6,1000)2(1) .
K=N
GO 10 85
70 IFL2(1}-X(K)) 85,85,80
80 K=K+l
IF(K=-N)} T0,70465
85 DYDX(I)=-EM{K-1)*(X(K)-2(T))*%2/2,0/S({KI+EMIK) &{XIK~-1)-Z(1))#*2/2,
10/7SIXIH{YIKI=Y(K~1) ) /SIK)=(EMIK)-EM(K-1))*5(K) /6.0
© 90 CONTINUE
100 RETURN
END

s A
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$IBFTC CONTIN DECK

135
140

150
160

166

170

18GC

190

200

SUBRIUTINE CONTIN (WASWTFL ,IND:1,WT)

DIMENSION SPFEN{3),NEIGHT(3)

GO T) (140,150,210,270,370),IND

SPEEN(1) = WA

WEIGHT(1) = WTFL

DELTA = WT/WTFLEWA-YA

IF(ABS{DFELTA) .GT,100.) RELTA = SISN{100.,DFLTA)
WA = DELTA+WA

IND = 2

RETURN

IF ({HTFL-WEIGHT{ 1)) /(WA-SPEEDI1))) 180,180,160
SPEED(2) = WA

DELTA = (WT-WTFL)/{WTFL-WEIGHT{1) )& {NA-SPEED(1))
IFCARS{DELTA) .GT.100.) DELTA = SIGN(100.,NELTA)
HA = DELTA+WA

SPEED(1) = SPEED(2)

WFIGHT(1) = WTFL

RETURN

WRITF (6,1000) [,WTFL

IND = &6

RETURN

IND = 3

IF {WIFL.GE.WT) GO TO 140

IF (SPEEDI1)-wWA) 190,200,200

SPEENR{Z) = SPEED(1)
SPEED({1) = 2.0%SPFEN{1)-WA
SPEED(3) = WA

WEIGHTI( 2} WEIGHT(1)

WEIGHT(3) = WTFL
WA = SPEED(1)

RETURN
SPEED(2) = WA
- SPEED(3) = SPEED{1)
SPEED(1) = 2.0%WA-SPEED(1)
WEIGHT{2) = WTFL
WEIGHT{3) = WFIGHTI(1)
WA = SPEEN(1)
RETURN

210

220

230
2490
245
250

260

WEIGHTIL1) = WTFL

IF (WTFL,GE.WT) GO TO 140

IF (WEIGHT{1)-WEIGHT(2)) 236,380,220
HEIGHT(3) = WEIGHT(2)

WEIGHT(2) WEIGHT(1)
SPLED(3) = SPEED(?)
SPEED(2) = SPFEN(1)

SPEFD(1) = 2,0¢SPEFN(2)=~SPEEN(3)

WA = SPEEN(1)

RETURN '

TF (SPEED(3)=SPEEN(1)-10.01 170,170,240
IND = 4 ,

IF (WEIGHT(3)-WEIGHT (1)) 260,260,250

WA = [SPEED(1)+SPEEN(2))/2.0

RETURN

WA = {SPEED(3)+SPEEN(2))/2.0

RETURN



N e ———— o o e

E-3298

270
280
290
300

310

320
330
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350
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IF (SPEED(3)-SPEED(1)-10.0) 170,170,280

IF (UTFL-WEIGHT(2}?) 320,350,290
IF (WA-SPEED(2)) 310,300,300

SPEED(1) = SPEED(2)
SPEED(2) = WA
WEIGHT{1) = WFRIGHT(2)
WEIGHT(2) = WIFL

GO T3 245

SPEED(3) = SPEED(2)
SPEED(2) = WA

WEIGHT(3) = WEIGHT(2)
WEIGHT(2) = WTFL

GO TD 245

IF (WA-SPEED{2)) 340,330,330
WEIGHT{3) = WTFL

SPEED(3) = WA

GO T3 245

WEIGHT(1) = WTFL

SPEED(1) = WA

GO T2 245

IND = 5

IF (WA-SPEED(2)) 380,360,360
SPEED(1) = SPEED(2)
WEIGHT(1) = WEIGHT(2)

SPEED(2) = (SPEED(1)+SPEED(3)) /2.0

WA = SPFED(2)

RETURN

IND = 4

WEIGHT(2) = WTFL

WA = (SPEED(1)+SPEED{2)) /2,0

RETURN.

IND = 5§

WEIGHT(3) = WEIGHT(2)
SPEEDI(3) SPEED(2)

{1

SPFED(2) = (SPEED(1)+SPEED(3)) /2.
WA = SPEED(2)

RETUAN

FIRMAY (/12H4 FIXED LINE 12,412H,
END

MAX WT = F10.6)
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$IBFTC SPLIN2 DECK
SUBROUTINE SPLIN2(X,Y¥,Y1P,N,SLOPE ,EM)
DIMENSTIIN X{50),Y(507,5(50),A(50),B(50) ,C(50),F(55}.%(501,5R8(50),
1G{ 501, EM{ 50) , SLOPE(50)
COMMIN Q
INTEGER Q
D0 10 [=2,N »
10 SUE)=X{1i=X{1-1)
NO=N-1
0D 20 [=2,ND
ALTI=S(1)/6.
BIIT=(S(I1+4S{T1+1))/3.
CLI)=S(1+1)/6.
20 FUI)=(Y(I+1)=Y(I))/S(Leii=EY{D)=-Y{I=1))/S(1)
A(N)=-.5
BL1)=5(2)/3.
BIN)=1,
Clt1)=5(2)/6.
FU1I=(Y(2)-Y(1))/S(2)~Y1P
FIN)=0.
: WO1)=B(1)
; SBI1)=C{1)/u(1)
GU1i=Fl1)/8(1)
D0 30 I=2,N . ;
WOI)=B(T)-A(T)*SB{I-1) :
SBLI)=C(1)/WI)
30 GUIV=(FIII-ACD)ISGLI-1))/WiT)
FMIN) =G(N)
DO 40 I=2,N
K=N+1-1 !
40 EM{K)=G(X)-SB(K)*EM{K+1) *
SLOPELL)=-5(2)/6.,% (2,4 EM{14EM(2)) + (Y{2)-Y(1))/S(2) ;
0050 T=2,N |
3 50 SLOPE(T)=S{I)/6.% (2. 4EMITI+EMIT-L)) +(Y{T)-Y{I=1))/SLT)
; f IF (2.EQ.14) WRITE (56,1000 No(X({T)o¥(T),SLOPECT) EMII)o1=1,N) —

100 FORMAT (2X15HNO. OF POINTS =I3/10XSHX 15XSHY 15XSHSLOPELSX 5H
; 1EM  /{4F20.8))
j RETURN
END

Y PN
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$IBFTC SF_INE DECK

SURRSUTINE SPLINE (X,YyN,SLOPE,LEM)
DIMENSION X(50),Y(50),5(50),A(50) 48 (59) 4C(5D),F(52),#{50),SB{5D),
1G{50),FM{ 50), SLOPF(50)
CNMMIN 3
INTEGER Q
DD 10 I=24N

10 S{I)=x{I)-X{I-1)
NO=N-1
DO 20 [=2,N3J
AlI)=S(I)/6.
BUIV=(S{1)+S5(1+1))/3,
CLI)=S({1+1)/&,

20 FUIN=LY(I4 ) =5 (D)) /S(TI+ )= (YLT) =Y (I=-2))/SLT)
A(N’='.5
8{l1)=1,
BI(N}=1,
cily=-,5
F(11=0.
F(N1=0,
Ywil)=B(1)
SBl1)=C(1)/W(1)}
G(1)=0.
DO 30 1=24N
WlI)=B{I}-A{];®Sn{]I-1)
SBUII=CLT)/HLTL

30 GUIY=(FIU)-ACIVEG(E-1))/w(])
EM(M)-CIN)
N0 40 1=24N
K=N+1-1

40 EVK}=G(K)-SBIK)*EM(K+1)
SLOPS(1)=~S{21/76.% (2., #EM(1)+EMI2) )+ (Y (2}-Y 1)) /S5(2)
DOSD I=2,N

50 SLOPE(I)=S{T /6. %(ZXEMITI4EMII-1))+ (YUY -YII-1))/S ()
IF {GoEQ.13) WRITE (641000 Ne{(X(IV,YUI)} SLOPECT} EM{T),1=1,N)

E-3288

100 FORMAT (2X15HNO. OF POINTS =I3/10X5HX 15X5HY 15XSHSLOPE15X 5H
1€M f{4F20.8))

RETURN

END §
g
pEc
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S$IBFYC INTGRL DECK

10

20

“

VBT

30

40

50

1000

A S R RN PRI AU A0 TR I R nibomvmenevessonsvotinh Wmes Y2180 AT L

SURRJUTINF INTGRL (X,YyN,SUM)

OIMENSION X(50),Y(50),5(50) ,A(50),8(50) ,C{52},F(5D),W(50),5SB({50),
L1GLS0); EN(50),SUM(50)

COMMON SRW

INTEGFR SRW

00 1C I=2,Y

S(Ty=Xt1)=-X{T1~1)

NO=N~1

DD 20 i=2,N3J

AlL1)=S111/6.0

BEII=(S(I)4S(I+1))/3.0

C(I)=S{I+1)/6.0
FOD)=UYOT4)=-Y(I ) /SET+13-0Y(T)-Y(I-1})}/S(1)
A(N)=~,5

Bl{1)=1.n

BIN)=1.0

C{ly==.5

F(1})=0.0

FIN)=0.0

Wili=hil)

SAR(1I=CL1I/WI1)

G{1)=0.0

D0 30 [=2+N

WEI=B(I)-ACTI)*SR{I-1)

SBUIN=C{I)/W(T)}

GULII=(F(I)-ALT)*G(I-1)})/ull)

EMINI =G(N)

D0 40 1=24N

K=N+1-1

EM(K)=G(K1-SBIK}*EM(K+1)

SUN{ 1) =0.0

D0 50 K=24N

SUM(K) = SUM(K-1)+SIKI*{YIKYI+Y(K-1)1/2,0-S{K)*6I2{EM(K) +EM(K~1))/2
14.0

IF(SRW.EQ.17) WRITE(6,1000) Ne(X{I),Y{I),SUM(I),EM{I),I=]1,N)}

RETURN

FORMAT (17HK ND. OF POINTS =[3/10X5HX 15X54Y 15XSHSUM
1 13X10H?ND DERIV./{4F20.8))

END



£-3298

27

$IBFTC LININT DECK

SUBROUTINFE LININT(X1,Y1yXyYyTN;MXyMY,F)
COMMIN K
OIMENSTON X(MX) Y (MY}, TN{MX,MY)
00 10 J3=1,MX

10 IF{X1.LE.X{J3))GO TQ 29
J3=MY

20 DO 30 J4=1,MY

30 IF(Yl.LE.Y(J4)}GO TO 40
J4=MY

40 J1=J3-1
J2=44-1
EPS1=(X1-X(J1))/{X(JI3)=-X(I1D)
EPS2={Y1-Y(J2))/(Y11J4)~-Y(J2))
EPS3=1.-EPS1
EPS4=1.-EPS2
F=TN(J1,J2)%EPS3*EPS44+TN(J3,J02) #FPSLREPSG+ TN(JL 9 J&) XEPS2%EPS 3¢
1TN(J3,J4)%EPS1*EPS2
IF(<.EQ.14) WRITE(691)X1,Y1,F,J1,+J2,EPS],EPS2

1 FORMAT (8H LININT3F10.5,213,2F10.5)

K=0
RETURN
END

.
f




28

$IBFTC CONTAL DFCK
SUBROUTINE CONTAL (WA WTFL,IND,I,WT)
DIMENSION SPFED(3),WEIGHT(3)
135 GO T3 (140,150,210,270,370),IND
140 SPFEO{1) = WA
NEIGHT(1) = WTFL
WA = WT/WYFL%NWA
IND = 2
RETURN
150 IF ((WTFL-WFIGHT(1))/{WA-SPEEN(1}))) 180,180,160
160 SPEED(2) = WA
WA = (WT-WTFL)/(WTFL-WEIGHT(1))
: 1 *(WA-SPEED{1))+WA
' IF (ABS{WA-SPEEN{211-107.0) 166416564151
161 IF(WA-SPEED(2))163,163,162
162 WA = SPEED{2)+100.0
GO TO 166
163 WA = SPFFD(2)-100.0
166 SPEED{1) = SPELED(2)
WEIGHT(1) = WTFL
RFTURN
170 WRITE (641000) T,WTFL
IND = 6
{ RETURN
180 IND = 3
IF (WTFL.GELWT) GO TO 140
IF (SPEED(1)-WA) 190,200,200

N

the

190 SPEED(2) = SPEED(1)

SPEED(1Y = 2,0%SPEEN(1)1-WA
SPEED(3) = WA
WEIGHT(2) = WEIGHT(1)
WEIGHT(3) = WTIFL

: WA = SPEED{1)
RETURN

§ 200 SPEED(2) = WA

E SPEEDL3) = SPFED(1)

? SPEED(1) = 2.0%WA-SPEED(1)

WEIGHT(2) = WTFL
WEIGHT(3) = WEIGHT(1)
WA = SPEED(1)
RETURN
210 WETIGHT(1) = WTFL
IF {WTFL.GE.WT) GO TN 140
IF (WEIGHT(1)-WEIGHT(2)) 230,380,220
220 WEIGKT(3) = HEIGHT(2)
WETGHT(2) = WEIGHT(1)
SPEED(3) = SPEEN(2)
SPFED(2) = SPEEDP{1)
SPEEDI1) = 2.0%5PEEN(2)-SPFED(3)
; W' = SPEED(1)
o ! RETURN
W 230 IF (SPFED(3)-SPEFD(1)-10,0) 170,170,240
Ve 240 IND = 4
245 IF (WEIGHT(3)-WEIGHT(1)) 260,260,250
250 WA = (SPEFD(1)+4SPEED(2)) /2.0
RETURN

et gt
etk
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260 WA = {SPEFD(3)+SPEED(2)})/2.0
RETURNM
270 IF (SPEED(3)-SPEED{1)-10.0) 170,170,280
280 IF (WTFL-WEIGHT({2)} 320,350,290
290 IF (WA~SPEEN(2)) 310,300,300
300 SPEED(1) = SPEFD{(2)
SPEED(2) = WA
WEIGHTI1) = WEIGHT(2)

WEIGHT(2) = WTFL
GO T 245

310 SPFEDN(3) = SPEEN{2)
SPEED(2) = WA
WEIGHT(3) = WEIGHT(2}
WEIGHT(2) = WTFL
GO TO 245

320 IF (WA-SPEED(2)) 340,230,330
330 WEIGHT(3) = WTFL
SPEEN(3) = WA
GD T 245
340 WEIGHT(1) = WTFL
SPEED(1) = WA
GO TO 245
350 IND = 5
IF (WA-SPEED(2)) 380,340,360
360 SPEED(1) = SPEED(2)
WEIGHT(1) = WEIGHT(2)
SPEED(2) = (SPEED(1)+SPEED(3))/2.0
WA = SPEFD(2)
RETURN ,
370 IND = 4 e
MEIGHT(2) = WTFL ,
WA = (SPEEDIL)+SPFEN(2)1/2.0

RETURN
380 IND = 5
2909 WEIGHT(3) = WEIGHT(2)
SPEED( 3) = SPEED(2)
SPEEN(2) = (SPEED(1)+SPEEN(3)) /2.
WA = SPEED(2)
RETURN

1000 FORMAT (/12H FIXED LINE T2,12H, MAX WT = F10.6)
END
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SAMPLE OUTPUT

For aid in checking the operation of the program ard as an rllustration
of the results obtained by the program, samplie output is included below.
The case used here is the sam: radial gas turbine rotor with splittzr blades
that was used for the numerical example in reference (2). The first out-
put is from the calling program (Q3D) and consists of the values of variables
MOB, H, M, and S. The value of MOB determines whether the meridional solu-
tion (FIXED) or the blade-to-blade solution (3PLBLD) or both is desired. ITn
the example below MOB = 2 which gives both solutions. The value of H, M, ~
S is used to indicate whether the hub, meridional or shroud blade-tu-blade
solution is desired; the value 1 indicates that particular solution is desired,
the value 0 not. 1In the example H =1, and M and S = 0.

The data given immediately following "RUN NO. 1 INPUT DATA CARD LISTING",
up to the line before "STAG. SPEED OF SOUND AT INLET", are a listing of the
data oa the input data cards for the meridional solution. This is follovred
by a list of the maximum computed streamline change at each iteration for the
meridional solution. Convergence to the specified accuracy of .001l" was
obtained after 105 iterations. Then the calculated information is printed
out for every 5th streamiine. Data at more streamlines will be printed out
if the value of NPRT is reduced from S.

The output for the meridional solution is given in two parts. The first
part gives values of DN, Z, R, Wi, PRESS, WIR, and RC and the maximum stream-
line change for iteration No. 10€. The second part for iteration No. 107
gives values for ALPHA, KC, M, BETA, TT, SA, SB, SC, and 8D, fo'lowed by a
repetition of the values of DN, Z, R, WA, PRESS, WIR, and RC. The next ';.t-
put i3 the "STREAMLINE SPACING ALONG NORMAL", "BLADE COORDINATES", and "IN~
LET ANGLES", which is computed by the meridional program (FIXED) and is used
for input to the blade-to-blade program (SPLELD).

Next is the output from the blade-to-blade program at the hub. The first
line is "RUN NO. 2 INPUT DATA CARD LISTING". The next two lines are data from
irput cards. The following lines up t»> the 3rd line before "THETA~-CALCULATED
AND/OR Il "UT", are computed by the program, and are the data which would have
to be supplied if not furnished by the meridional program. The second line
before "THETA-CALCULATED AND/OR INPUT" is deata from an input card with a 1
in card column 5, indicaiing further data is given. A blank card here would
indicate no more input for this blade-to-blade sclution. The line just
vefore "THETA-CALCULATED AND/OR INPUT" is data from ai input card giving
information of splitter blade coordinates near the trailing edze that were
altered from those computed by the meridional program. The next data are
the @ coordinates of the initial equally spaced streamlines at every
quasi-orthengonal. This Is followed by the stagnation speed of sound, and
ther a list of the maximum predicted streemline change at each iteration
fer the blade-to -blade solution. (onvergence to the desired accuracy of
. 001" was obtained in 27 1terations. The desired output is printed out for
every S5th streamline at each quasi-orthogonal. Agein, data at more stvream-
lines can be obtained with a different value of NPRT.

The mear and shroud blade-to-blade sclutions would have also been obtained
on the same c-mputer run if we had set M and S equal tc 1, and supplied the
appropriate inyut cards.
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PUN NO. 1 INPUT DATA CARD LISTING
14 21 7 7 4032,0000 0.6110 11,0009 1.6667 1245,0000
0 2 0 11 1950.0070 221.5000 0.02%7 0.321) 0.2500 0.000
19 5 2 0 2.000¢C 1.7006 -25.1000 0.9500
Ne7590 Ce8100 0., 6900 1.01%0 1.1200 1.2300 1.3520
1.5500 1.8030 2.1000 2.3500 2.5500 2.9500 3.1530
0. -0.0039 0.0300 0. 1400 0.3170 0.5903 0.9430
1.3550 1.765¢C 2.1000 2.3500 245500 2.8500 3.1520
3.0100 2.7360 2.5130 2.32130 2,26420 2.138) 2.1620
2.1470 2.1470 2.1470 2.1476 2.1779 2,147 2.1470
3.0100 26000 2.2300 1.8220 1.4700 1.158) 0.9230
J.7970 0.7524 N.7500 0. 7500 0.7500 0.750) 0.75%0 -
-0, -0 -Na -0. -0. -0. -0.
-N.0012 =-0.0044% -0.0201 -0, 0567 -0.1248 -0,23393 -0,3966
-0.6231 -0.8604 ~1.0978 -1.3252" ~1,5729%
-0.2000 0. 0,2000 0. 4000 0.5000 0.830) 1,0200
1.1000 1.2000 1.4010 1.6000 1.8000 2.0300 242000
2.4900 2.600) 2. 8000 3.0000 3.2000
0.1860 NLITLG 0.1560 0.1410 0.12790 0.1162 0.033)
0.1660 0.15.0 0.1360 0.1210 0.10865 0.0960 0.,0330
0.1460 0.1310 0..160 0.1010 0.0870 0.0760 0.0270
0.1260 C.1110 G. 0960 0. 0820 0.0470 0.055) 0.0240
0.1050 0.09190 0.N760 0.0620 0,0480 0.J3360 50,0220
0.085% 0.0710 0.0560 0. 0420 0.02R0 0.316) 0.0190
0 2670 0.0510 0, 2360 0.0220 0.0080 =0.035) 0.0160
-0.0040 0. %000 0.8000 t.2009 1.6000 2.2230) 244000
0.6000 1.0000 1.4000 1. 8000 2,2000 246220 3.0200
STAG. SPEED OF SOUND AT INLET = 2011.55
n,2073 ;
ITERATICN NO., 1 MAX. STREAMLINE CHANGE = 0,397387 ’
ITERATION ND, 2 MAX., STREAMLINE CHANGE = J,.364558 ;
ITERATION NT. 3 MAX. STREAMLINE CHANGE = J.338418 N
ITERAVION ND. ¢4 MAX, STREAMLINE CHANGE = 2.317072 f
ITERATION N3, 5 MAX. STREAMLINE THANGE = 0.294279 E
ITERAT"ON N3, & MAX, STREAMLIME CHANGF = ),277526
ITERATION NJ., 7 MAX. STREAMLINE CHANGE = 2.261206 -
ITERATION NO., 8 MAX., STREAMLINE CHANGE = D0,245780 )
ITERATION NJ. 9 Mc¥, STREAMLINE CHANSE =  ).731244 %
ITERATION NGO, 10 MAX. STREAMLINF CHANGE = 0.217489 ©
ITERATION V3. 11 MAX, STREAMLINE CHANSE = ),20644568 S
ITERATION NO. 12 MAX. STREAMLINE CHANGF = 0,192163 F
ITERATION ND, 13 MAX, STREAMLINE CHAMGE = ),110295 :
ITERATION NO, 14 MAX. STREAMLINE CHANGE = DJ.159344
ITERATION N1, 15 MAX, STREAMLINE CHANSE = J,.,159114
ITERATION N]. 16 MAX. STREAMLINE CZHANGE = ).149380
TTERATION NI, 17 MAX, STREAMLINE CHAN:E = D0,140383
IVIRATION NO, 18 MAX, STREAMLINE CHANGF = 23,132053
ITERATION ND, 19 MAX, STREAMLINE CHANGE = 0.,124201
ITLRATION YO. 70 MAX, STREAMLINE CHANGE = J2.116830
ITERATION V0. 2 MAX. STREAMLINE CHANGE = D.109090
ITERATION NI, 22 MAX. STREAMLINE CHANGE = ),099879
ITERATION NO, 23 MAX. STREAMLINE CHANGE = 2.093197
ITERATION NJ. 24 MAX. STREAMLINE CHANSE = 13.)87511
ITERATION NO. 25 MAX., STREAMLINE CHANGE = 1,032277
ITERATION ND, 2é MAX, STREAMLINE CHANGE = ),0774)9
ITERAYION N, 27 MAX. STREAMLINE CHANGE = ),372972
ITERATION \O, 28 MAX, STRFAMLINE CHANGE =" J,068739
ITERAYION NJ. 29 MAX, STREAMLINE CHANGE = J.0648U1
ITERATION NO. 30 MAX, STREAMLINE CHANSE = DJ,061076
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ITERATION
ITERATION
ITERATION
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ITERAT fON
ITERATION
ITERATION
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TVERATION
ITERATION
ITCRATIGN
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERAVION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
IVERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
TTERATION
ITERATION
ITERATION
ITERATION

ITERATVION

ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
{TERAT ION

NaA e e e m————

NJ.
Nd.
'£s I
NO.
ND.
NJ.
N3 .
N9,
NO,

‘N3,

ND .
NI,
N3
ND.
¥J.
Q.
ND .
ND .
ND.
N3,
\Jd.
‘J.
N3,
N3.
Nd.
Nd.
NDe.
ND.
Nd.
N,
Nd.
Nd.
\Nd.
2.
N,
\NJ.
NOY,
vle
NO .
NSe.
N3
ND.
ND.
\NO .
Nd.
NO.
NY,
ND.
\Nd.
NDe
Nd.
NO.
e
ND.
NO.
NJ.
NO.
ND.
NO .
NJ.
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32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
€2
63
64
65
66
67
58
69
10
131
72
73
T4
75
76
77
78
79
80
81
82
8
84
85
86
a7
68
89
90

MA X,
Ma X.
MA X,
9A X,
MAX.
MA X.
MA X,
NAX.
MA X,
MA X,
MA Xo
MA Xo
MA X,
MA Xo
4 X.
MAX.
MA X,
MA X,
MA X.
MA X.
"A x.
MA X.
MA X.
MA X.
MA Xo
MA Xeo
MA X.
MAX.
"A x.
HMAXe
MA X,
MA X.
MAX.
MA X,
MA X.
MA X
MAX.
MAX.
MAX.
MA 4.
MA X.
MA X.
MA X,
MA X.
MA X.
MAX.
MA X.
MA X,
MA X,
MA X,
MA X,
MA X
MA X,
VA Xe
MA X,
MA X,
MA X,
MA X,

32

STREAMLINE
STRF AMLINE
STREAMLINE
STREAMLINE
STREAMLINE
STREAMLINE
STREAMLINE
STREAMLINE
STRE..MLINE
STREAMLINE
STREAMLINE
STREAMLINE
STREAMLINE
STREAMILLINE
STREAMLI NE
STREAMLINE
STREAMLINE
STREAMLINE
STREAMLINE
STREAMLINE
STREAMLI NF
STREAMLINE
STREAMLINE
STREAML NE
STREAMLI NFE
STREAMLINE
STREAMLINE
STREAMLINE
STREAHMLINE
STREAMLINE
STREAMLINE
STREAMLINE
STREAMLINE
STREAMLINZ
STREAMLINE
STREAMLINE
S1REAMLINE
STREAMLI NE
STYTREAMLINE
STIREAMLINE
STREAMLINE
STREAMLINE
STREAMLINE
STREAMLINE
STREAMLINS
STREAMLINE
STREAMLINE
STREAMLINE
STREAMLINE
STREAMLINE
STREAMLINE
STRE AMLINE
STREAMLINE
STREAMLINE
STREAMLINE
STREAMLI NE
STREAMLINE
STREAMLINE
STREAMLINE
STREAMLINE

CHANGE
CHANSE
CHANGE
CHANSE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANSGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGT
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
C4ANGE
CHANGE
THANGE
CHANGF
CHANGE
CHANGE
CHANSGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHAMGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGF
CHANGE
CHANGE
CHAMGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANSE
CHANGE
CHANGF

nnunnnunnnunuuuuunuunnunuuuuunpuuunuuuunuuullnuuuuuuuunuuuuuu

1.257551
1.354177
1.951032
3.043114
3.045275
3.42680
3.040293
1.037993
9.735860
1.233896
7.031966
7.93C159
3.328455
1.026837
3.725363
1.023967
1.322629
7.921369
2.223179
7.213052
3.017998
7.917091
).216058
3.015168
7.214330
7.913539
1.012791
9.912087
3.911487
7.710813
0.010206
7.729696
3.909128
7.928669
7.708158
3.207750
2.207291
7.206937
2.206519
3.006204
7.005890
3.005517
3.075248
7.204985
7.204665
2.004424
0.004201
9.903997
7.2038)1
2.703538
7.903360
5,003189
3.723028
3.002872
2.902728
71.302693
7.002406
7.302284
7.202178
3.202058
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RUN NO. 2 INPUT DATA CARD LISTING
22 8 0 2 0.1500  0.0010  0.200
0. 3,1100  0.0290
15 22 8 0 4030.0000  0.0305 11.0070  1.6567 1245.0000

2 ? n 12 195Q0.0n00 221.500) 0.0247 0.7312 0.2500 6941.2549
0 5 2 1 -24.5566 G.N000 0.1500

~0.5561 -0.5600 -0.5%48 ~0.5482 -0.5384 -0.5268 -0.5125
-0.498¢4 -0.5143 ~0.6036 -0.8n85 ~1.0977 -1.3724 -1,.7284
-2.0844
0.0151 -0,90112 ~0.,01564 -0.0229 -0.0328 ~0.0444 -0.0587 =
-N.0729 -7%.0972 -0.1918 -0.376% ~0.6005 -0.4012 -1.1572
-1.5132
~-0.2705 -0.2968 -0.3020 -0.3085 -C.3184% -0,3300 “0e3%43
-0.3585
-0.2705 -0.2744 ~0.2692 ~0.2626 -N,2523 -0.2412 -0.2269
-0.2128
O. 0. -0.0002 0.0025% 0.0117 0.0264 0.,0492
0.0786 8.1129 0.1471 0.1750 0.1958 0.,2125 © G.?375
0.2625

0.2758 0,2508 0.,2167 N.1858 0.1518 0.1225 0.0965
0.076%9 0.06564 0.0627 0.0625 0.0625 0.0625 0.0625
0.0625
V0032 0.0034 0.0043 0.2057 0.0079 0.0109 0.,0142
0.0172 0.0167 0.0146 0.0112 0.0092 N.008% 0.0083
0.0082

1 _ _ L -
711-0.33890 811-0.31900 712~0.23630 812~0.28660 812-0,286600

THETA-CALCULATED AND/OR INFUT

-0.5861 -0.5600 -~0,5548 -0.5482 -0.5384 -0.5268 -N.5125 l
-0.4984 -0,5103 =0.60306 -0. 808% ~1.0977 ~1.3724 =14 T294
~2.0844

~0.5275 -0.5337 -0.5295 ~0N.5243 ~G.5164 -0.5071 -0.4957

-0,4844 -0.4897 -0.5830 ~0.7849 -1.0728 ~1.3438 ~1.6998

-210558

-0.4990 -0.5074 ~0.,5042 -0.5003 ~0.4944 ~0.4874 “0.4789

-0.,4704 -0.4690 =-0.5624 -0.7653 -1.06479 -1.3153 -1.6713

-2,0273 —
-0.4704 -0.4810 ~0.4789 -0.4763 ~0.4724 ~0.4578 ~0.4621

-~0.4564 “N.4484 ~0.5419 -0.7437 -1.0231 -1.2867 -1,6427

-1.9987

=044418 -0.4547 -0,4537 -0.4524 -0, 4504 ~D.4481 ~0.4453

-0.4424 -0.4277 -0.5213 -0.7221 -0.9982 -1.2582 -1.6141

-0.4133 ~0.4284 -0.4284 ~0.42864 -0.4284 -0.4284% =0.4284

"0.628" -0.4'071 -0. 5007 -0. 7005 "00973( "102295 -1.5856
-1.9416 LeF

-0.3847 -0.4021 -0,4031 -0.4044 —0.406% =0.4087 =D.4116 g
~0.4145 -0.38k4 -0.4B01  -0.6789 ~0.2485 -1.2713 ~1.5570 D
~1.9130 i
~0.3562 =0.3757 -0.3779 -0.3805 =-0.3844 ~0.3890 -0.3948 3
~0.4005 ~-0.3657 7.4595 -0.6573 ~0.9236 ~-1.1725 -1,5285 )
-1.8845

-0,3276 =0.369 ~0.3526 -0.3565 ~-0.3624 -0.3694 -0.2780
-0.3865 =0.345] -0,4289 ~0.6357 -0.8988 -1.1439 ~1.4999

-1.8559 . Foo
-0.2990 -0.3231 <-0.3273 =-0.3325 ~0.3404 =0.3497 —0.3612 . %
~0.3725 =0.3264 =-0.41a3 =0.6141 —=0.8739 -1.1154 =-1.4713 o
-1,8273 Y
~0,2705 -0.2968 -0.3020 ~0.3085 -0.3186 =0.3300 -0.3389 S
-0.3190 -0.3038 -0,3977 -0.5925 -0.0691 =1.7868 -1.4428 *

-1.7988
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-U.2705 ~0.,2744 ~0.2692 -0.2626 ~N.2528 ~0.2422 -0.2363
-0.2866 -0.2038 -0.3977 ~0.5925 -0.8491 ~1.0868 -1l.4428
-0.2419 ~0.2481 ~042439 ~-0.2387 -0.2308 -0.,2215 -0.2101
-0.1988 ~0.2831 ~-0.3771 -0.5709 ~-N.8242 ~1.7582 -1.4142
“1¢7702

~0.2134 ~0.2218 -0.2186 -0.,2147 ~-0.2088 -0.2013 ~0,1932
-0.,1848 -0.2625 -0.3565 ~0.5453 -0.7993 ~1,0297 ~-1.3857
-1.7417

~0.,1848 -0.1954 ~0.1935 -0,1907 -0.1858 -0.1822 -0.1765
~0.1708 -0.2418 -0.3359 -0.5277 -0.7745 ~1.0211 ~1.3571

~0.1562 -0.1691 -0.1681 -0.1668 -0.1648 -141625 -0.1597
-0.1568 -0.2212 ~0.3153 -0.5061 -0.7495 -0.9726 -1.3285
~1.6845
~0.1277 -0.1428 -0.1428 -0.1428 -0.1428 -0.1428 -0.142?9
-0.1428 -0.,2005 -0.2947 ~0.4845 ~-N.T24R =0.944) -1.3000
-1 .6560

=0.0991 -0.1165 -0.1175 -0.1188 -0.1208 ~0.1251 -0.1260
-0.1289 -0.,1799 -0,2742 -0. 4629 -0.5999 -0.9154 ~1.2714

-1.6274
-%.0706 -0.0901 -0.0923 -0.0949 -0.0988 -0.1234 -0.1092
~0.1149 -N.1592 ~0.2536 -0.4413 -0.6750 -0.8869 ~1.2429
~1.5989

-0,0420 ~0,0638 ~-0.0670 ~0.0709 -0.N768 -0.,0838. -0.0924
-0.1009 -0.1386 -0.2330 ~0.641737 ~0.6502 -D.8533 ~1.2143

"'1-5703
-0.0134 -0.0375 -0.0417 =04 0469 ~0.0548 -0.0%4% ~0.0756
-0.0869 ~0.1179 -0,2124 -0.3981 ~0.56253 -0.3298 -1.1857
"l. 5’017

0.0151 -N.0112 ~0.0164 -0.0229 ~0.0328 =N.0444 ~0.0587
-0.0729 -0.0972 -0,1918 -0.3765 -0.,6005 -0.8312 -1.1572
-1.5132

S7AGe SPEED OF SOUND AT INLET = 2011.55

ITERATION NO. 1 MAX, STRZAMLINE CHANGE = 9,0568444

iTERATION NO. 2 MAX. STREAMLINE CHANGE = 0J.058218

ITERATION NDO, 3 MAX. STREAMLINE CHANGE = 7.049416

ITERATION N2. 4 MAX., STRFAMLINE CHANGE = 2.041949

ITERATION NN, 5 MAX. STREAMLINE CHANGE = 3,)035614

i ITERATION NI, 6 MAX, STREAMLINE CHANGE = 3.730236
i ITERATION \NO. 7 MAX. STREAMLINE CHANGE = 2.725870
§ ITZRATINN NO,. B8 MAX. STREAMLINE CHANGE = 2.,021794
g ITERATION N3. 9 MAX. STREAMLINE CHANGE = 17.018503
N § ITERATION N). 10 MAX. STREAMLINE CHANGE = DJ.015709
= ! ITERATION N2. 11 MAX, STREAMLINE CHANSE = 2,013333
ITERATION N3, 12 MAX. STREAMLINE CHANGFE = 72.31132%

ITERATIGN N3, 13 MAX. STREAMLINE CHANGE = J.309614

ITERATION NI). 14 MAX. STRFAMLINE CHANGE = J,008162

i ITERATION N). 15 MA X, STREAMLINE CHANGE = 0.006931
ITERAYVIDN NJ, 16 MR X, STREAMLINE CHANGE = 03.,005885

ITERATION NO. 17 MAX. STREAMLINE CHANGE = 2.004996

ITERATION VU. 18 MAX. STREAMLINE CHANGE = 2J.004248

ITERATION NJ. 19 MAX, STRFAMLINE CHANGE = J,303631

ITERATION N2, 20 MAX. STREAMLINE CHANGE = 12,003061

ITERATION NJ, 21 MAX, STREAMLINE CHANGF = 2J.)22595

ITERATION N3, 22 MAX. STREAMLINE CHANGE = J,002207

ITERAYION V3. 23 MAX. STREAMLINE CHANGE = 3,701876

ITERATION N). 24 MAX. STREAMLINE CHANGE = J.)01588

T
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Flow Distribution
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